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found to be about 5% (0·034 meqjg) and 9% (0·056
meq/g) respectively, whereas the weak acid sites
constitute about 85% (0·27+0·29 meq/g) as shown
in Table 1. Impregnation of pure alumina with
0·5% by weight of lithium ion brings dcwn the
strong and medium acids by about 70 and 40%
respectively, at the same time it increases the weak
acids by 15%. Lithium ion content >0'5% eli-
minates completely the streng and medium acid
sites, while the amount of weak acid sites shows
a continuous increase. In other words lithium ien
addition seems to modify the streng acid sites into
weak acid sites, keeping the total acidity cc nstant
(Table 1). Herman Pines" has also abserved a
similar effect on the additien of scdium ien to
alumina catalyst.
On the other hand modificatixn of pute alumina
with 2% hydrofluoric acid enhances significantly
the strong and medium acids by 370% (0·160 meq/
g) and 340% (0·260 meq/g) respectively, whereas
the enhancement in the case of weak acids is cnlv
about 78% (Table 1). Increase of hydrofluoric acid
beyond 2% seems to have no effect on weak acids
but the strong and medium acids continue to increase
with hydrofluoric acid. It is to be noted that unlike
lithium ion which keeps the total acidity ccnstant ,
hydrofluoric acid increases the total acidity.
The author thanks Dr G. S. Laddha for facilities
and encouragement.
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Thermal characteristics of sodium tungstate,
NaZW04.2H20 have been Investigated by DTA and TG,
and various transition products analysed by chemical
analysis, IR, X-ray diffraction, surface acidity and
magnetic susceptibility techniques. This tungstate
undergoes endothermic changes at 150°, 600° and 700°
which are asstgned to dehydration, crystal trans-
formation and melting, respectively. The compound
does not undergo any decomposition till rnettlng.
The pure tungatate as well as its transition products
are dlamagnetlc and do not contain acid sites.
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NOTES
SODIUM tungstate has been used as a catalyst in
the isomerization of iodides by hydrogen per-
oxide>, decomposition of hydrogen peroxide>, de-
hydration of formamide" to hydrogen cyanide at
250-510°, tridymite formation from quartz+, vinyl
acetate productic n! and in the decomposition of
benzil by hydrogen peroxide". As the activity of
a catalyst depends mainly on its physicochemical
properties, it is worthwhile to study some of the
prcperties of scdium tungstate. The present note
deals with thermal analysis (DTA and TG), infrared
(IR), X-ray diffraction (XRD), surface acidity and
magnetic susceptibility of sodium tungstate as well
as of its thermal transition products.
DT A and TG of sodium tungstate were carried
out as reported earlier 7. IR spectra and XRD
patterns of the pure sample as well as of its thermal
transition products obtained by calcining the com-
pound at 250°, 660° and 710° in air for 2 hr in each
case, were obtained by the methods described
earlier", Magnetic susceptibilities of these samples
were measured by Faraday method at 24° using
Hg [CO(NCS)4J as cali brant. The surface acidic
strength of the samples was measured using n-
butylamine and Ho indicators", Na" and W6+ in
soluticn were estimated by conventional methods.
The amount of water was determined using Coleman
carbon-hydrogen analyser.
The composition of the catalyst, as reported, is
Na2W04·2H20.
DT A and TG curves of sodium tungstate are
shown in Fig. 1. The DTA curve shows one endo-
thermic peak at 150° (range 100-220°) followed
by two sharp endothermic changes at 600° and
700°. The TG curve represents a gradual weight
loss starting from 100° and ending at 220°, the
total weight loss being 11'6%, corresponding to the
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Fig. 1 - DTA and TGA of sodium tungstate dihydrate
349
INDIAN J. CHEM., VOL. 15A, APRIL 1977
removal of two molecules of water. Therefore,
the endothermic peak at 150° in DTA curve is due
to the loss of two molecules of water thereby giving
anhydrous sodium tungstate. The TG curve neither
indicates the possibility of forrnatic n of any inter-
mediate stage during dehydration nor exhibits
any significant weight-change in the temperature
range 220-750°. Hence, the endothermic changes
at 600° and 700° are due to some precesses which
do not accompany any weight change.
The pure sample exhibits IR bands at 930 and
800 ern? which may be assigned to the 'JW-O of
normal tungstates!". The other bands appeal ing
at 3300-1600 crrr+ region are due to symrnct: ic and
antisymmetric 'IO-H and oH-O-H of lattice waterll-13.
The tungstate appears to be completely dehydrated
at 250° as indicated by the absence of characteristic
bands due to water molecules. Therefore, the
endothermic change at 150° is clearly due to de-
hydration. The significant observation at and after
250° is that the band at 800 crrr ' shifts to 830 em"!
with enhanced intensity followed by the dis-
appearance of the 930 cm! band. Thus, the strong
band of ST 250 (sodium tungstate calcined at 250°)
sample at 800 crrr- may be expected to be coupled
with frequency, characteristic of water. As the
IR bands of the samples ST 660 and ST 710 are
almost the same as those of S1'250, it can be suggested
that the endothermic changes after 250° are not
due to decomposition of the tungstate rather due
to phase changes. The last endothermic peak at
700° is, however, due to melting.
The pure sample exhibits a well defined XRD
pattern with characteristic lines at d=6·95, 6'0,
5·3, 4'2, 3·6, 3·3, 3·17, 2'98, 2'17, 2·12 A, etc.
On comparison with the d-values given in ASTM
Card No. 1-011 for the standard patterns of sodium
orthotungstate(VI) dihydrate it is seen that the
sample is pure Na2W04. 2H20. XRD patterns
of the catalyst are little changed at and after 250°
with the registration of strong lines at d=5·25,
3'21, 3·16, 2·75 A, etc. The d-values of the ST
250, ST 660 and ST 710 samples compae excellently
with these reported in the ASTM Ca-d 1\0. 5-0247
for Na2W04 (d=5·19, 3'18, 2·72 A, etc.), indicating
that the endothermic change at 150° is due to de-
hydration and those after 250° are due to cry~tal
transformation. Earlier workers also found sodium
tungstate to undergo the following phase changes
at the temperature region 431-700°:
431-587° 587-700°
o-Na2W04---+ Y-Na2W04----+~-N "2W04
The present studies, however, reveal that sodium
tungstate does not undergo any phase change in
the temperature range 431-570°. The temperature
range at which phase changes take place, seems to
be 570-700°. Magnetic measurements indicate that
the pure sodium tungstate as well as its thermal
transition products are diamagnetic. Surface acidity
measurements reveal that this tungstate does not
have surface acidic sites at any stage of thermal
treatment. This study also rules out the porsibility
of the decomposition reactir n Na2WO 4-;> Na20 +W03'
till the melting of the tungstate as W03 is known
to have a good number of surface acidic sites.
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The effect of ~amma-lrradiation of barium bromate
is to shorten the induction period and increase the
rates of its decomposition in the linear, acceleratory,
and decay stages, The activation energy of the linear
reaction decreases under irradiation and that of the
acceIeratory stage increases whereas the activation
energy of the decay stage remains unaffected.
DUKE and ::,hute1 found that the decomposition
of potassium bromate catalysed by bromide
ion in fused alkali nitrates was first order with re-
spect to both bromate and bromide. Jach2,3 has
shown. that whereas the isothermal decomposition
of sodium b: ornate followed a contracting envelope
formula that of pctassium bi cmate cccun cd acccrd-
ing to a first order rate law. Both these substances
undergo fusion when sufficient bromide accumulates
during the course of the decompositic n because of
which ,a dis~on~inu~ity cccurs in the Arrhenius pk. ts.
The discontinuity IS removed by Y-irradiatic n in the
case o~ pota~sium bromate. The present work
deals WIth the influence of irradiation on the isother-
mal decompositicn of barium bromate which takes
place throughcut in the solid ccnditic n.
AR grade barium bicmate, dried! at 170° was
irradiated in sealed glass ampoules with 60(0 1-
rays to various doses up to 420 Mrad at rocm tern-
